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© Apparatus and process for reagent fluid dispensing and printing. 



© A system for printing and dispensing chemical reagents in precisely controlled volumes onto a medium at a 
preasely controlled location. A jetting, tube, comprising an orifice at one end and a fluid receiving aperture at the 
other end. is concentrically mounted within a cyOndricai piezoelectric transducer. The flu* receiving aperture* 
connected to a reservoir containing a selected reagent by mean, of a filter. The reservoir is pressured by a 
regulated a* supply. An electrical signal of short duration is applied to the tr^ducer. The pulse caute, 11 
^sducer and the volume defined by the jetting tube to expend, thereby drawing i„ . small quantiry^el^ 
< nu,d -. ^ «»t,on of the pulse causes the transducer and the volume of the ietting tub. to d«Zd THE 
caus|ng at least a substantially uniformly sued droplet of reagent fluid to be propelled through m.^ce Si 
R droplet may be directed to impact a p rinting medium or collected in a Qlsoen smo £t,hh. 9 orifice. The 
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count down Inputs CU. CO of the'counter 124 by mote of ofT.Hsolaton U19. U20 The cany and borrow 
outputs CY, BR of the counter U24 art connected with the count up tnd count down inputs CU CO of me 
counter U25. The reset input* RST of both counters U24. U25 receive the RST signal by means of an onto 
isolator U21. Resistors R18. R17. Ri 8 are used as load resistors for the LED orcurts of me isolators U19 
U20. U21 and capacitors C26. C27. C2B are used to enhance the stability of the isolator droits. 

The counters U24. U25 may optionaJly be preloaded to the selected *crt binary value through input 
lines TP0-TF7. The input lines TP0-TP7 are normally biased to the logical high signal state by resistive 
network U22. The selected binary, value is loaded into the counters U24, U25 by pulDng the respective 
inputs TP0-TF7 low and applying an extemaJ. active tow, load signal EXT LOAD to ptn TP 8. The load signal 
pin TP8 Is connected to the load inputs 10A0 of the counters U24, U25 and condrfioned by a dipping 
circuit comprised of diodes CR8, CR10 and a puU-up resistor of the nsrxir network U22. 

The nomnverted and the Inverted outputs IOUT. IOUT are connected to me inverting and noninvertmo 
inputs of a differential amplifier U29. The output of the amplifier U29 is fed back to the invert tng input by a 
resistor R50. The amplifier U29 converts the current output of the DM converter U30 to a vortage output 
ts Capacitors C58, C47 are provided to enhance circuit stability. 

The output of the amplifier U29 is applied to the noninverting input of the amplifier U28. The output of 
the amplifier U28 is fed bade to the inverting input by means of a capacitor C46 and a resistor R37. The 
inverting input Is also connected to ground by a resistor R36. To enhance the frequency resoonse of the 
amplifier U28. a resistor R43 and a capacitor C54 are connected between the frequency compensation input 
so FC and ground. An adjustable DC offset Is provided by connecting the output offset inputs OF. OF wim a 
variable resistor R42. The wiper of the resistor R42 rs connected to the high voltage power supply output 
V* 

The output of the amplifier U28 is also connected to the base of a transistor 04 and through diodes 
CR1 1. CR12 to the base of a transistor Q7. The transistor 04. 07. 03 and resistors R30-R35 form an output 
as circuit capable of driving high capadtrve loads at high slew rates and wide bandwidth, The variable resistor 
R31 may be used to set the maximum current through the bias network R30. R33 by measuring the voltage 
drop across resistor R35. 

The strobe generator 560 produces a strobe pulse and comprises transistors OtOt-Oios and a one- 
shot circuit U108. The strobe intensity is determined by the circuit comprising the transistors 0101-0104 
so and resistors R109-R115. The circuit is connected to the anode of the LED 900 and receives two inputs 
from the interface unit 600 to produce four levels of fight intensity In the LED 800. 

The activation aand duration of activation of the LED 900 is determined by the one-shot U108 and the 
Vansistor Q105. The one-shot U108 comprises inputs A, B and an output 0. The strobe signal STROBE is 
applied to the B input from the interface unit 600. The duration of the one-shot U108 output pulse is 
as controlled by the adjustable RC network R107. R108. The output 0 is applied to the base of the transistor 
0105 by resistor R108. The collector of the transistor Q105 is connected to the cathode of the LED 900 to 
draw current through the LED 900. 

The computer 700. control unit 500 and plotter 800 must be initialized. The initialization of the computer 
700 and the plotter 800 will not be discussed since these units are of conventional design and operation 
<o To initiate the jetting head control unit 500. the computer 700 directs the interface unit 600 to issue a 
reset command. The reset signal RST is conducted to the control unit 500 whereupon the counters U24 
U25 are cleared. The computer 700 then retrieves from its memory, or by conventional operator input the 
desired digital setting for the O/A converter. This setting may also be calculated from data and may be 
tailored to specific sizes of jetting heads 400 or reagent fluids. The computer 700 then issues a series of 
45 commands, through the interface unit 600. to increment or decrement the counters U24. U25 to correspond 
to the desired binary setting. If the command directs that the counters are to be raised then the HIGHER* 
signal is appHed through the optCHsolator U20 to the count up CU input of me counter U24. Similar* if the 
command directs that the counters are to be lowered then the LOWER* aignal is applied through the ooto- 
isolator U19 to the count down CO input of the counter U24. Since the carry and borrow outputs CY BR of 
the counter U24 are connected to the count up and count down inputs CU. CO. respectively of the counter 
U25, the digital setting applied to the O/a convener U30 may range from 0 to 255. Alternately, the counters 
U24. U25 could be initialized to a desired setting by loading the binary value on the lines TP0-TP7 end 
strobing the EXT LOAD tine. 

Once the control unit 500 and the plotter 800 are initialed, the printing cycle may begin. The computer 
700 issues a command to the interface unit 600 to produce the senes of PHT signal pulses. The computer 
700 then commands the plotter 800 to pnnt. for example, a Gne along a selected path. The plotter 800 
positions the jetting head 400 and target 1 and issues the pen down signal PENON. The signal is delayed 
by the pnnt control orcuit 510 to ensure that me target 1 is property positioned. At me expiration of me 
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APPARATUS AWO PROCESS FOR REAGENT FUTtD DISPENSING AND PRINTING 



BACKGROUND OF TXE INVENTION 

The present invention relates to an apparatus pro cess tor dispensing and printing reagent tads. 
6 wherein a transducer is used to propel smaJI quantities of me fluid towards a positioned target. 

Diagnostic assays often require systems for metering, dispensing and printing reagent fluids, in me 
case of metering and dispensing, such systems comprise both manual and automatic means. For purposes 
o! practicality, the present background discussion will hocus on the methods of metering and dispensing too 
micro-frter volumes or less. 

io The manual systems of metering end dispensing include the glass capillary pi pet the rmcn>pipet the 
precision syringe; and weighing instruments. The glass capfllary pipet is formed from a precision bore glass 
capillary tube. The pipet typically comprises a fire blown bulb and a tubular portion fire drawn to a fine 
point Fluid is precisely metered by aspirating liquid through the tube into the bulb to a predetermined level 
Indicated by an etched mark. The fluid may than be dispersed by blowing air through the tube, 
u The micro-pipet typically comprises a cylinder and a spring loaded piston. The travel of the piston is 
precisely determined by a threaded stop. The distance the piston travels within the cinder and the 
diameter of the cylinder define a precise volume. The fluid is aspirated into and dispensed from the micro- 
pipet in precise quantities by movement of the piston wtthm the cylinder. 

The precision syringe generally comprises a precisely manufactured plunger and cylinder with ao 
n curatory positioned metering marks. The fluid is introduced into and dispensed from the syringe by 
movement of the plunger between the marts. 

Weighing techniques for dispensing fluids often simply involve weighing a quantity of fluid. The density 
of the fluid may then be used to determine the fluid volume. 

Exemplary automatic metering and dispensing systems include the precision syringe pump; the 
25 peristaltic pump; and the high performance liquid chromatography (HPLC) metering valve. The precision 
syringe pump generally comprises a precision ground piston located within a preosion bora cylinder. The 
piston is moved wrtfun the cylinder in precise increments by a stepping motor. 

The peristaltic pump comprises an elastomeric tube which is sequentially pinched by a series ol rollers. 
Often the tube Is placed inside a semi-circular channel and the rollers mounted on the outer edge of a disc 
30 driven by a stepping motor. The movement of the rollers against the tubing produces peristaltic movement 
of the fluid. 

The HPLC metenng valve comprises a defined length of preosion inner diameter tubing. The fluid is 
introduced into the define volume of the tubing with the valve in a first position and then dispensed from me 
tubing when the valve Is placed m a second position. 
35 All of the above metering and dispensing systems have the disadvantage thai the volumes dispensed 
are relatively large. Furthermore, these systems are also relatively stow, inefficient and comprise preosion 
fitted components which are particularly susceptible to wear. 

The printing of reagent fluids is frequently required in the manufacture of chemical assay test strips. 
Selected reagents are printed in a desired configuration on strips of Alter paper. The stnps may then be 
40 used as a disposable diagnostic tool to determine the presence or absence of a variety of chemical 
components. 

Generally, to perform a chemical assay wrtn a test stnp. the strip is exposed to a fluid or a senes of 
fluids to be tested, such as blood, serum or urine. In some instances, the strip is nnsed and processed with 
additional reagents pnor to being interpreted. The preose interpretation depends on the type of chemical 
43 reactions involved, but K may be as simple as visually inspecting the test strip for a particular color change. 

The manufacture of test strips generally involves either a manufacturing process or a blotting process. 
The blotting process Is the simplest manufacturing method and permits most reagents to be applied without 
modification. A disadvantage of mis process is that it is difficult to blot me fluids onto the test stnp with 
precision. 

so The printing process will often involve any of three wen known methods: silk screening: gravure: and 
transfer printing. The siDc screening ol reagents generally involves producing a screen by photogrsohic 
methods in the desired configuration for each reagent to be printed. The screen is exposed under fight to a 
preselected pattern and then developed. The areas of the screen which are not exposed to Dght when 
devel oped, become porous. However, the areas of the screen which have been exposed to light remain 
relatively nonporous. The screen is then secured in a frame and the test stnp placed below. The desired 
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reagent fluid, special./ prep»t<i to have a high vi; C jstty. * spread ove-- the t-sn *<j a o( sown. The 
reagent paws through the porous area* of the town and onto the tea strip. The test stho is then 
subjected; to a drying process, specific to each reagent. Once the test strip is dry, ft may be pnnted again 
using a different screen, pamem and reagent. 

5 The grtvure method of printing reagents comprises coaling a metal surface with a Gght sensitive 
porymer. The polymer is exposed to light in the O^sir^d predetermined pattern. When developed, the 
polymer creates hydrophitic and hydrophobic regions. The reagent is specially prepared sucn that wnen 
applied to the metal It will adhere only to the hydroohiGc regions. After the specially prepared reagent is 
applied, the test strip is pressed against the metal and the reagent is transferred from the metal to the test 

to strip. 

The transfer printing method comprises transferring the reagents from a die to the test strip m the 
desired pattern. The die is made wrtri the appropriate paaem on its surface and then coated with the 
desired, specially prepared reagent A rubber stamp mechanism is pressed against the die to transfer the 
reagent in the desired pattern from the die to the rubber sump. The rubber stamp is then petzz&^ against 

fs the test strip to transfer the reagent, in the same pattern, to the test strip. 

Each of the above-mentioned reagent printing techniques has significant disadvantages. The most 
common disadvantage is the requirement that the reagents must be specially prepared. Additionally, If a 
variety of reagents are to be printed onto a single test strip, the strip must be carefully aligned prior to each 
printing. This alignment procedure increases the cost and decreases the throughput of the printing process. 

20 Moreover, a special die or screen must be produced for each pattern to be printed. A further disadvantage 
arises in that the above printing methods are unable to place reproduces^ minute quantities of reagent on 
the test strip. 

It is an object of the present invention to provide a printing and dispensing method and apparatus which 
avoids these disadvantages. 

IS 

SUMMARY OF THE PRESENT INVENTION 

The present invention is directed to a reagent dispensing and printing apparatus and method, wherein 
x the apparatus comprises a transducer operative to eject a substantially uniform quantity of reagent in a 
precise predetermined direction. 

According to one preferred embodiment of the present invention used in dispensing reagent fluids, a 
* jetting tube is concentrically located with a piezoelectric transducer. The jetting tube comprises an orifice at 
one end and a reagent receiving aperture at the other end. The receiving end of the jetting tube is 
» connected to a filter which is in turn connected to a reservoir containing a selected reagent. A jetting control 
unit supplies an electrical pulse of short duration to the transducer in response to a command issued by a 
computer. The electrical pulse causes the volume defined by the jetting tube to expand by an amount 
sufficient to intake a small quantity of reagent fluid from the reservoir. At the end of the puise duration, the 
transducer dMxpands propelling a small quantity of the reagent fluid through the orifice and into a fluid 
40 receptide. If desired, additional droplets may be deposited in the receptide or the recepticie aligned with an 
additional jetting tube for receiving an additional reagent fluid. 

An additional preferred embodiment of the present invention may be used for printing reagent fluids 
onto a print medium. In this embodiment the jetting tuoe is aligned with the printing medium such that the 
propelled droplet impacts a precise position on the medium. The jetting tube or print medium may then be 
43 repositioned and another droplet expelled from the jetting tube. The process may be repeated until a 
desired configuration of the reagent fluid is printed on the medium. 

One advantage of the present invention is that precise minute quantities of reagent fluid may be 
dispensed or printed in a reproducible manner. Additionally, the method and apparatus may be used to 
emit droplets of fluids having a wide range of reagent fluid viscosities and surface tensions. The reagents 
so do not in general have to be specially adapted for use with the present invention. 

The invention itself, togetner with further objects and attendant advantages, will best be understood by 
reference to the following detailed description, taken in conjunction with the accompanying drawings. 



ss 



3 



0 2S8 2J7 



BRIEF DESCRIPTION OF THEXRAW1N3S 



FIGURE 1 is a scrwmatic representation of a ftnt preferred tmbodimart ol the present invention 
showing the use of multiple jetting heads to meter and dispense reagent fluid. 
I FIGURE 2a Is a perspecth* view of a first preferred embodiment of the jetting head of me present 

Invention. 

FIGURE 2b is a cut-away perspective view ol the preferred embodiment of Fig. 2a taken along lines 
2b- 2b with the contact pins removed. 

FIGURE 2c is a sectionaJ representation of the preferred embodiment of Fig. 2a taken along lines 2c 

to 2c 

FIGURE 2d is a sectional representation of the preferred embodiment of Fig. 2c taken along lines 2d- 

2d. 

FIGURE 2e is a sectionaJ representation of the Jetting tube and transducer of the preferred 
embodiment of Fig. 2b taken along lines 2e»2e. 
ts FIGURE 3 is a schematic representation of a second preferred embodiment operating in the drop on 

demand mode as a reagent printing system. 

FIGURE 4 is a schematic representation of a third profaned embodiment operating in the continuous 
mode as a reagent printing system. 

FIGURE 5a Is a schematic representation of a portion of the jetting head control unrt showing me 
n LED strobe circuit 

FIGURE 5b is a schematic representation of a portion of the jetting head con&ul unrt showing the 
high voltage power supply circuit 

FIGURE 5c is a schematic representation of a portion of the jetting head control unit showing the 
print control circuit 

25 FIGURE 5d is a schematic representation of a portion of the jetting head control unit showing a 

portion of the print pulse generator. 

FIGURE 5e is a schematic representation of a portion of the jetting head control unit showing an 
additional portion of the pulse generator. 

FIGURE 6a is a perspective view of a second preferred embodiment of the jetting head of the 
n present invention. 

FIGURE 6b Is an exploded view of the preferred embodiment of Fig. 6a. 

FIGURE 7 is a sectionaJ representation of a third preferred embodiment of the jetting head of the 
present invention. 

FIGURE 8 is a sectional view of a symmetrical portion of a fourth preferred embodiment of the jetting 
33 head of the present invention. 

FIGURE 9 is a graph of the drop mass of the emitted droplets as a function of emission frequency ic 
several fluid viscosities. 

FIGURE 10 is a graph of the velocity of the emitted droplets as a function of frequency tor several 
fluid viscosities. 

40 FIGURE 11 is a graph of the total weight of fluid emitted as a function of the number of emitted 

droplets for a given fluid. 



DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS 

4$ 

Turning now to the drawings. Fig. 1 shows a schematic representation of a first preferred cmoooiment 
of a reagent dispensing system generally represented as reference numeral 30. The dispensing system 30 
comprises a plurality of reagent fluid reservoirs 200. a plurafity of filters 300. a plurality of reagent jetting 
heads 400. a plurality of jetting head control units 500. an interface unit 600. a computer 700. transportation 
so unit 902. a plurality of fluid mixing cell* 904 and a detection station 906. 

The reservoir 200 hoios a seiected Quantity of reagent fluid for dispensing. The reservoir 200 is 
maintained at atmospheric pressure by suitaole means such as an atmosphenc vent The reagent fluid is 
transferred from the reservoir 200 through the filter 300 to the reagent jetting head 400. The filter 300 is 
placed between the reservoir 200 and me jetting head 400 to ensure that any particular toreign matter in the 
ss reagent fluid is trapped before entering the jetting neao 400. 

The plurality of jetting heads 400 and tne detection station 906 define a processing p«n. Each jetting 
head 400. which is described in detail oeiow. ejects uniformly suea oroplets 2 of reagent fluid. Tne droplets 
2 are propelled, with controlled velocity and Direction, towards a selecting mixing cell 904 positioned along 
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proctwing pith by triiapotttior, unft 901 mK s^ 
mmM function „ rninuta holding ^ JS^StZ fl 1 " ***** 

5 «•« 902 nx* thai ft, h«d5 400 Zt £££ Z ^ZZ?**™ * ■* 

simultaneously. »i"u < ™ ■ seieaed muring cad 902 

The jetting heads 400 and We transportation unit B02 am m,^,^ _ 
corner 700 issues command, » an ^WunJt ^ iHu™^ ** COmpu * *»• Th« 
unit 802 and to the jetong head comrci unit sTr^Sc, 3TS TsTco^^ 
.o used to comro. the ranker of informal between m. cc^ 8 , 7« * d m. ^ «* « 

<ranjpo ration unit 802. ms ewpuujr 700 and me 

A first embodiment of the reagent jetting head is shown in Fig,. 2i • 2e and 

numeral 400. The jetting head 400 com on,., . ^ pi . ci> ryTTlm ,° cl , KoJL "^4^^°° ^ 
15 4(M - **»n rambled, is adapted to form an orifice aperture 406 an aSW-2 <° 2 ' 

410 and a transducer chamber 403. shown in Fig. £ iZiaZ W ZZL j* "*» ^ 

screw aperture, 416. hold me homing 402. 404 in an assembled configu/Son 

The jetting head 400 further comprises a jelling tube 432. a pieaoiila^*..,.,, „ 

nuid supply tut. 430. The jetting tube 432 define! a taj^rtd EZl^X?^ 
» aperture 431 at the other end for expeUlng .nd receiving fluid. re,p,cW ¥ ^LZ? * ""'""a 

434 >, cylindrical shaped and secured concentrically Ibo* m ^ ^7oion - ^ ^ " n * luwr 

oposy or ether suitable means. m.Of eg.on of the jetting tube 432 wim 

The piezoelectric transducer 434. shown in Fig. 2e. defines i fir* . - 

section o< cylindrical* shaped pieaec^ctric m.t.S., 435. TlL ^Sl'S,'" » 
M surface of the cylinder 435. The electrode 437 wraps wound the first 2d . ** 

distance to enable electncal connection extend to the cyfindTr «£ °" ^ V 435 1 

J^nd nickel electrode 436 cover, the majority of the outer wrf.ce of the cvEnde, *» t* 
electrode is electricity iaoiated from me firs, electrode 437 by an air eSnSS^TJ^ ^ ""^ 
th. cylinder 433 and by an air g«o on the outer turf.ce m I, ,£52 °' of 

» ...cmcaJ puise ts applied to m. first and second^*,? . vcfT. ^ « 

radieJIy ecroa, m. ^ucar m^erul 435. The voS pSendL cL^^^T*' * 
^nsducer 435 to change, which cau«, the volume defied oT S ^^^^^^2°"' °' 

The jetting tube 432 i, positioned in the transducer ctLJTwlVtL^T 
ext^ds beyond th, r.»ward end of the tr^^ucer 434. The reviving , nfJ 43^ ^ 'T^ 0 431 
s Ineerted into one end of e re.gent wpply mbe 430. The suoolv tuhl^n ., of the jetting tube 432 is 
432 by concentric teeth 4,2 formed by" the housing^S S£ 5 tKE 5! te 
supply hibe 430 to me j^ting tube 432. but. «». ,^ m. sup^lyuL^O to ml h„ ^ Mal ^ 

200. The reservo.r 200 contains the reagent fluid to be disoensL^Tm. ! ° * f * a9an ' rMarvoir 
. nuid h disponed. *r « applied to mTrmrvo. 200 mnS me c^./^^o"? ^ ^ ms 

vacuum in me rw^voir 200. The rw^yev 200 is rto^£^""°J° *• of a 

Pi«ce by trirtonal forca*. A r.safvoir cap 202 is flrtbTy^^I. * ** h0U * n9 Ma] in 

404 by m^o^hvo upper vertcal ahgnn.L pina^S 8^2 KSTSS^ » m. homing 402. 
uppw vertical afignment pins 418 extend honsontallv frnrn m. *>Wn pins 418. The two 

™- SWUrty. m. two tow* l^g^enrpin^^n:'^ ^ ^ ^ ^ u "' 

P.n. 424 e^ Nonzonany from me housing ^oTS .1"° °' """^ •««>»»« 

ch«mc«r 403. SimiUrty. nvo of me to™*« i9 ZZ^ Z^«^ V "* ^ ' fafl,duC8r 
section 404 appro»mat.ry m,dwa y into m. «n,dJLng^p 9r <L"g£ Uom m « *»«0 

formed integr^ wrm me ,e„^ciiv, housmg ItaK)n 0n,0nU ' ,fi 9 nm * , « P in «« 
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that the orifice 433 of &>e jetting^ 432 jxtends Irrtc r* ortf~ aperture i/y. 

L ^ •***cai »*uduce< actrvetion pulse is suppned to ma perleche transducer 434 from the jettino 
heed control-unit 500 by means of two contact pin, 422. A quantity of fluid mil ba dispensed frorntt2 
jetting tuba for each applied actrvetion pulse. The ectivition pulse can ba produced by a variety of 
f cwentionaJ circuits or commercially available units. Therefore a detailed cescription of such a circuit will 
not be provided. However, a droit for producing a series of actrvrton pulses is provided in the description 
of the printing embodiment below. Due to the d»f faring constraints involved in dispensing and printing the 
circuit in the printing embodiment is not required to produce only a single pulse. However, one sWJIedin the 
art could. If desired, modify the brcuft to produce a single pulse on demand for use in the disoensino 
io embodiment * 
Each contact pin 422 defines an enlarged head 423 which is adapted to contact the respective first and 
second electrodes 437, 438 located on the outer surface of the transducer 434. Two contact pin holders 
414. integral with the housing 40Z 404. are positioned to hold the respective contact pins 422 under the pin 
heads 423 such that each pin head 423 electrically engages the appropriate electrode 437, 436 of the 
transducer 434. Two contact pin engaging posts 420 extend from the housing 402, 404 opposite the contact 
pin holders 414 to engage and hold the contact pins 422 against the contact pin holders 414. The ends of 
the contact pins 422 opposite the pin heads 423 extend through the housing 402. 404 by means of contact 
pin apertures 421. Since the housing sections 402, 404 are formed symmetrically to one another the 
contact pins 422 may be optionally attached above the transducer 434. 
20 In operation, the reservoir 200 containing reagent fluid is fastened to the jetting head 400 such that the 
fluid supply tube 430 extends into the reagent fluid. The filter 300 may be fitted to the free end of the 
supply tube 430 or posiGoned inside the reservoir 200. Air is supplied through fte channel 410 around the 
supply tube 430 to prevent the mscr^cir 200 from falling below atmospheric pressure. The air is prevented 
from entering around the supply tube 430 and into the transducer chamber 403 by the seal created 
35 between the sealing teeth 412 and the supply tube 430. The jetting tube 432 may be pnmed by shgrmy 
pressurizing the reservoir 200 to cause the reagent fluid to travel through the supply tube 430 and into the 
jetting tube 432. Once primed, the fluid is prevented from substantially withdrawing from the jetting tube 
432 by the surface tension of the reagent fluid at the orifice 433. 

The transducer activation pulse is conducted to the contact pins 422 of the jetting head 400. The 
so contact pins 422 communicate tna high voltage pulse to the electrodes 437. 436 of the transducer 434 with 
polarity such that the concentrically mounted transducer 434 expands. The rate of expansion is controlled 
by the rise time of the high vofage pulse which is preset to generate a rapid expansion. The expansion of 
the transducer 434 causes the jetting tube 432. which is epoxied to the transducer 434. to also expand. The 
expansion of the tube 432 generates an acoustic expansion wave interior to the tube 432 which travels 
ss axially towards the orifice 433 and .towards the fluid receiving aperture 431. When the expansion wave 
reaches the orifice 433. the reagent fluid is partially drawn inwardly. However, the surface tension of the 
fluid acts to inhibit substantial inward fluid movement. 

When the expansion wave reaches the end 431 of the tube 432. the expansion wave is reflected and 
becomes a compression wave which travels towards the center of the pieso-eiectric tube 434. The high 
40 voltage pulse width is adapted such that when the reflected compression wave is beneath the pierc-eiectric 
tube 434. the high voltage pulse falls, resulting in a de-expansion of the transducer 434 and the jetting tube 
432. This action adds to the existing acoustic compression wave in the interior of the jetting tube 432. The 
enhanced compression wave travels toward the ori fice causing reagent fluid to bedispensed from the tube 
432. The fluid is propelled from the orifice 433 as a small droplet 2 and deposited in the selected mixing 
<s cell 904 positioned by the transoortation unit 902. One droplet 2 is dispensed for each transducer activation 
pulse. This mode of dispensing is referred to as the drop on demand mode. 

In some instances, the droplet 2 may be accompanied by at least one smaller sateGte droplet. However 
even if sateiita droplets are present the volume and velocity of the reagent droplets 2 are highly 
reproduce able. This reproduce ability allows tor precise dispensing of uniform, controllably sued droplets 2 
so of reagent fluid Into the mborig ceil 904. 

The droplets 2 of reagents impact me mixing call 904 with sufficient force and volume to cause fluidic 
mixing of the reagents. Once the desired amounts of tne selected reagents art deposited in the selected 
mixing cell 904. mixing call 904 is transported to the aetection station 906 where the mixed reagents may 
be extracted for use or analyzed for assay results. 
55 The dispensing system 30 provides numerous advantages based upon the ability of the reagent jetting 
head 400 to rapid* and reproduceably eject uniform quantities of a wide range of reagents. Tne reaction 
times of some chemical processes are dependent upon the volume of tne reagents used. The ability of the 
dispensing system 30 to dispense such minute amounts of reagents thereoy reduces the processing time 
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erf certain eher..icsi assays. rVt*rmon». soma ©hemic* r>olir . ' . . . 

Many conventional dispensing ty«an« ere unable to sJ^J^^L ^ * <JiUrton "»«■ 
make the desired p,^. Th« dispensing i'"^" '"""I" "» B • noi fl r > U, 

disadvantage. * y 01 •« mventton overcem,, this 

i In addition to dispensing reagent fluids, certain embodiments m»v ,»-h 

r-ag-M onto • pnntng medium such as ««„ pwr t0 SJT^ Js, I"*"" **** °' 
using the present Nation a reprint* in fig. 3 . Smjc*3 s^Tln . ST 9 10 

described above will be designated by like refines ,SSL^£ «£2 31 ° »»" 

reagent fluid reservoir 200. e filter 300. ir™^"^^. '0 comprise, . 

.. intert.ce 600. . computer 700, end en P lc3» * ^ ' " Bln9 ^ «* ^ « 

The x-y plotter 800 is a commercially tvailabie pen pi onsr mechanically m™**^ • 
manner such m* m. pen is repack wtm ff* *ti„ g heed ^ tC^^Ic^ T ' C0nv9nt,0n « l 
Plotter 600 will not be described in detail. The plotter 800 .cao^onC^^T * miCtur * °' ma 
«anoard RS-232 seria, interlace conned JL m. im^TS ^o^loT'' *" ' 

" «"»« produce control signal, to drive en x-ui, motor Jit' 800 Pr0CSSSM me 
shown,. The »•«, motor i, used to position the *ting haad «o7Sd£ ' Y *T mo!or « not 

drum (not shown) to which me printing target 1 is attached. * ^ " UMd W P"** 0 " « 

The plotter 800 produces a pen down signal PSNON. This signal is um»d ,« _ _, 
indicates mat the plotter 800 Is ready to begin a printing operrton ' C ° n,ral unrt 500 ■* 

io The control unit 500 also receives control signals from the imartac u** nnn -n. 

signau HIGHER*. LOWER* to cm me magrSde of Z ^ ^Z^^^^T ^ 
sign* RST to reset me control unit 500; and a series of print Lmal. PR? Se^l^f !, ' 
will not be described in detfl since their production is O^L^ ^ L^l ^Z " 
The jetting he*> 400 and fluid supply „„„ ^^SS^I^^^ 6 °°- 

» described above. The jetting head control unit S00. shown in F,g, sT^XiZ , " 
5,0. a puis, generror 530. a high voyage supply 540. and a LJp££E2 m£££Z 
500 also comprises a power supply. However, since the power supply* ai ■JnZZJZ* "„ • 
be shown or described in detail V wnv «»onal design it will not 

The print control circuit 510 receives me pen down signal PSNON from mm nin*.. am - 
» transistor 0100. . one-shot circuit U100. two NAND^m U101 UlolvTrJ TdeS? ^ * 
four invert U103-U106. Th. pen down signs. pSdn * %Z £ ^bSre?^?^ 
resi^er, R100. R101 and diode 0100. The .mftter of ^is^QVoO *7JTo^ ^1 ^ * 
connected to the -5 volt supply by resistor RlOi (Jr0un<j ■» «"«» « 

The one-shot U100 comprises inputs A. 8 and in output Q Th« a , k 
4 connect to m. collector of me transistor 0100 and m.^ut i, ^ J ^ ,° ne " ,h< " U1M '* 
pulse produced by me one-shot U100 i, deterrmned by a r.,S,o r R To4 . v^.. * °' m ' 
capacitor C100. The output Q of me on-shot U100 i, Bl0S * 

Q100 by m. NAND-gtte U10, M men ,nv.ned ty £ ^l^S ^ '"*»' 
produce « adjust*!, delay in m, plication o.th.pen down „g^ pewSl mTe^« L ST" * 
» The line decoder U107 is orcurted to (unction as a 3 input AND^al -nJZT? , 

UiB (, nappp^ to m. «r* input of m. decode U107 : m. s^^^l^ ^ NAf ^*» 
pulses from me intertace unit 600 is applied to the second innuf J* . Zl- . mpns,ng * Mna * ^ 

genera,, me prim control signal PRT* M the invener, U^JltoJ S3? el ™ ^1 • e0d • , U10? ,0 
I HIGHER*, and RST signals, respectively. "'uj-uios invert me control signals LOWER-. 

The high voltage supply 540. shown in fig. 5b. provides * 175 .oit. or — 
ol *150vo«, peak to peak „ me reagen. jettngTaS "400 ^ TSi 1™'™ Bu ' M 
differential ampOf.er U12 and transistors 01. ol 0? 3 Qu ,T ^ ,UOply 540 

product at the j^ction ol . reservoir R,3. cSnsS S m. .,T^h *!£r^ ,U9a °' - 2 - S VOlU DC « 
to ground. The relerence voruge is combing »£Vr<l£ 3" 2 ^ 

reference for me ampCfer U12. The reterenc. vohag. is allied to m,t^rv? '-T'' m ^ 
mrough . re^s»r R„. The nonmv^ng input of^e ^SXf ^ ^ ™ 

R12. The amplifler U12. in comb.nation with a feedback resistor R10 ,133!^ ' * by ' r,,,TO ' 
to me diff^ce of me voltage reference signal and me ground potent ^ proooni0 ^ 

The output of me amplif.er U12 is applied to the base of me transistor 02 „ . 
» * 15 vo« ,upp.y. The signal produced the .m,„er of me ^Z^^LT^T'^'^ 
SistOf Ql ff^rouah resistors flA Rfi qc , . ... . . r_ * 10 ine DAse of me 



to the 



tran^or 0, mrough resistors R8. R6. R5. a ^ li"^^* 
trans-stor Ql , connected ,0 ground and me collector is connected , 0 tn. -^l ^Z £ 
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tnu^rmer L1 . A M CR3 ejects th> collector nf.tr* tnnwtor 01 to ft* jurtticn of the resistor R5 
end me diode CR4. The transistor Qi i, biased for proper operation by rasters R7. RS, RS. The resist 
R7 and a ap^ C22 cornea the junction of the resistor Ra, R6 to the ♦ 1 5 vchage supply 

The transistor Q, *nd the transformer L1 fonn i -flybeck- bioeidng osoIUtor. Any Increase In current 
supplied by the fransistor 01 produces en increase in energy transferred through the secondary windino of 
the frwforme/ LI end diode CRS. Therefore, en increase in current supplied by the transistor Qi resulu ta 
an increase in power available to the high voltage output The diodes CR1-CR4 form a "Baker clamp" which 
prevents transistor Qi from saturating. The clamp thereby avoids transistor storage time. 

The diode CRS ts connected to a multiple pi filter formed by the inductor* U. 12. capacitors C24 C21 
G41 and resistors R29. The multiple pi filter attenuates ripple and switching spikes in the signal supplied to 
the transistor Qi3 which produces the high voltage output V* A resistor R64 connects the base of the 
transistor 01 3 to the emrrter and to the resistor U29. The base is also connected to the collector of the 
transistor QH by i resistor R65. The base of the transistor 014 Is connected to the * 15 volt supply by a 
resistor R57 and to ground by I resistor R66. The emitter of the transistor 013 provides a signal HV 
SENSE which is fed back to the inverting input of the ampfifier U12 through a resistor R9. The high voltage 
output V* ♦ is produced at the collector of the transistor 013. The pro^r biasing of the transistor Q13 is 
provided by rmsistor RS4 and the biasing o'rcuit comprising the transistor 014, resistors R67, RS6 f R65. 

The pulse generator 530. shown in figs. 5d. Se. comprises an opto-isolator LM8. a one-shot U23 a 
digital to analog (DM) converter 030 and two binary counters U24. U25. The pulse generator 530 acceots 
control signals PRT\ LOWER*. HIGHER". RST and produces the activation pulse which is applied to the 
transducer 434. In normal operation, the PRT control signal is supplied to the opto-isolator U18 by a jumoer 
JMP between contact points E5. ES. The opto-isolator U18 a of conventional design and compnses a Qght 
emitting diode (LED) circuit and a photo-element circuit A resistor R15 operates as the load resistor tor the 
LED circuit of the isolator and a capacitor C25 suppresses transient noise on the voltage suooly to the 
isolator U18. The output of the isolator U18 is applied to one input of the one-shot U23 whose time constant 
is adjustably determined by resistors R38. R25 and a capacitor C30. The pulse from the non-inverting 
output of the one-shot U23 is fed to the base of a transistor 09. A resistor R39 sets the approximate base 
. current of the transistor Q9 which is used as a level shifter tor converting the CMOS signal level to the ♦ 15 
volt DC signal level* 

The control of the rise and fall rates of the pulse generator S30 is accomplished by directing a pair of 
current source transistors 011. 012 to charge and discharge a capacitor C57. The transistor Q11 is 
operative as a source of current and the transistor 012 Is operative as a sink for current. A transistor 010 
controls the level of the current by applying an appropriate bias current tnrough a resistor R56 to the base 
of the transistor 011. The biasing of the transistors 011. 012 ts critical to the proper rise and fall ra'es 
Therefore preesion voltage references CR13. CR15 are used to provide respective bias reference voltages' 
A temperature compensation network is formed from zener diodes CRM. CR16 and resistors R55 R54 to 
maintain stable operation of the transistors Gil. 012. respectively. The variable resistors R49 R52may be 
used to adjust the fall time and nse time, respectively, of the output pulse applied to the reagent iettino 
head 400. A plurality of resistors R45. R48. R47. R48. R49, R51. R52, R53. R56. R57. R58 are used to 
40 property bias the transistor 010. 01 1. 012 and capacitors CSS. C60 are circuited to maintain stability of me 
circuit. 

The Impedance of the output stage of the rise and fan circuitry 010. 011. Qi2 is very high With such a 
high impeoanca. circuit elements attached to the capacitor C57 could affect the linearity of the rise and fall 
time constants. Therefore, an FET input operational ampfrfier U32 is used as an imoedance interface The 
4* amplifier U32 is configured in the nownverting mode and circuited with capacitors CS8 C59 for stability' 

The output of the amplifier U32 is applied to an inverting amplifier U31 by means of a resistor R62 The 
ampGfier U31 inverts and conditions me pulse control signal with me aid of resistors R59 R60 Res-star* 
R61. R83, connected to the -15 voltage supply, provide a means for adjusting the DC level offset of the 
amplifier U31 output signaL Capacitors CSl. CS2 are connected to ennance the performance and stability of 
so the orcuiL 7 

The ouBxftol the i amplifier U31 is applied t»y mains of a resistor R41 to the positive voltage reference 
sign* input R£F(*) of the 0.A convener U30. The neganv. voltage reference signal input REFm i,*ed » 
ground by a resistor R40. The D/A converter U30 produces output signals OUT I0UT wh.ch are 
proportional to the difference between the positive and nega tive voltage reference signal inputs REFfi 
55 RSFH. Capacitors C48. C49. CSO are connected to the 0 A converter U30 to enhance sttoility 

The VA converter outputs I0UT. IOUT »r, ^so proportional to an B-b.t binary value applied to input, 

1 iL ° b,n " y valua ,upolie<3 bv eoum9rs u2 <- "» ars controlled by the function s.onals 
LOWER'. HIGHER* end RST. The LOWER" signal and the HIGHER' signal, are applied , e m , up ' * 
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J^fJn ^ b ciosed enable twecJa Si sad Ine aeries of print puis-as PRT. Th, 

of me AND operation is the apptadion of the PRT pulses to the puts* generator dfT iI t 530 

The PRT* signal U eppfied through the Jumper JMP to the optCHsotator U18 end then to 9* on-*** 
UZJ The one^hot U23 produces a puUe signal which is then convert* ^ C MOS signal level, 
volt DC signal level by the frmsstor Q9. The rise and fall circuitry comprising QiO, 011, Q12 converts the 
square wive putse into a pulse having the rise and fail characteristics preset by the resistors R49 R55 The 
conditioned pulse b then ampfifted by the amplifier U32 and appfied to me ampftfier U31. 

The ampfifier U31 converts the polarity of the conditioned pulse to that acceptable by the D/A converter ' 
U30 and supplies an adjustable OC offset The DC offset la used to counteract possible distortion 
attributable to the amplifier USt. The distortion arises in that, for the amplifier U31 to be adequately 
responsive, a small degree of current must now through the resistor FUi. This currant creates an offset 
condition at the output of the ampMer U29 which is then scaled by the D/A converter U30 in correspon- 
dence with the binary data. The resistor R63 allows a smail amount of current to be applied to the amplifier 
U31 to control the offset voltage attributable to the currant flowing through the resistor R4t. 
is The D/A converter U30 scales the difference berween the inputs REF{«-). REF(-) using the binary data 
supplied to input Goes B1-B8 to produce a current cutout pulse K>UT and a current invened output pulse 
IOlH\ The two outputs LOUT, I OUT are fed to the ampfifier U29 which convert the current outputs into a 
single votage output The scaled, conditioned puise is then applied to the output circuit comprising the 
amplifier U28 and the transistors Q3. 04. 05. Q6. Q7. The drew* produces a high voltage puise with the 
20 aforementioned rise and fail characteristics to drive the piezo-electnc transducer 434. 

The high voltage pulse is applied to the transducer 434 and causes a droplet 2 of fluid to be propelled 
onto the target 1. Since the pen down signal PENDN is still aopOed. additional droplets 2 are produced from 
the jetting head 400. The plotter 800 moves the jetting head 400 and target 1 along the desired path during 
the emission of the droplets 2 to produce the desired pnnted line. When the printing is complete, the plotter 
as 800 removes the pen down signal PENDN and the droplet emission stops. Of course it "should be 
understood that dots, circles and the Cke could be produced by appropriate positioning of the taroet 1 and 
Jetting head 400. ¥ 

The sue and uniformity of the droplets 2. as well as the presence of any satefite droplets may be 
observed with the aid of the scope 950 and the LED 900. The scope 9S0 and the LEO 900 are positioned 
w such that the droplets 2 pass between the scope 950 and tne LED 900 and within the focal range of the 
scope 950. The strobe putse when applied to the LED 900 causes the LED 900 to momentarily flash. The 
timing of the activation and the width of the pulse may be adjusted such that the flash occurs wnen the 
fluid, expelled in response to the high voltage pulse, is between the scope 950 and the LED 900. The 
dispensed quantity of fluid may then be observed in flight or at or near the momement of separation from 
35 the orifice 433. Corrections based on tne observation may then be mace to the system 10. 

* Since each droplet 2 is small in volume, the droplet 2 may be rapidly absorbed oy the target 1. thereby 
allowing rapid and precise placement of a variety of reagents on the target 1 with reduced drying time and 
reduced potential of fluidity mixing. In addition, the ability to place smafl droplets 2 in a precise manner 
enables the target 1 to be pnnted in a high density matrix with a variety of reagents as isolated matrix 
40 elements. 

In some printing applications, particularly when printing fluids of flow viscosity and surface tension, it 
may be desirable to force the fluid through the jetting tube 432 under pressure ana allow the vibrations 
produced by the transducer 434 to break the emitted fluid stream into precise droplets 2 Unoe* trus mode 
of printing, the emission of droplets 2 can not be stooped by cessation of the tranducers activation puis* is 

43 is therefore necessary to prevent fluid emission by other means. One preferred means of momenu-iiy 
stopping emission of the droplets is shown schem aticaity in Fig. 4. ti this arrangement, structure annua' to 
structure represented in Fig. 3 in form and function, is represented by Eke reference numerals. 

The arrangement generally represented by the numeral 20, includes a closed reagent recirculation 
system comprising a normally close three way valve 970. a sump 960 and a reorcuiation pump 980. in the 

so continuous mode, the reagent fluid is forced out the orifice 433 by hydraulic pressure and bronen into a 
aeries of substantially uniform droplets 2 by movement of the transducer 434. A regulated, filtered air 
supply 100 is used to pressurize the reagent fluid reservoir 200. The reagent fluid within tne reservoir 200 
may optionally be agitated by a magneDc stirer unit 990. This is especially useful for reagent fluids 
comprising suspended particles. 

85 The three-way valve 970 comprises a common channel, a normally open channel and a normally closed 
channel. The fluid is forced through the filter 300 and applied to the normally closed channel of the vatve 
970. When the normally closed channel is closed, the normally open channel of the valve 970 functions as 
a vent for the reagent jetting head 400. The common channel is connected to the reagent suppry tube 430 
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of ma letting head 400. The mSgvt supply tube 430 Is te aMtl ^^ * ^ 

m operation, tn. nomuJIy closad channel is openJh! !T^!L . 9«- 
700 which also doses the normally open channel V- "'^ « U K>**3 by me 

permmrf to to IN, sump 960 ar<i to jeft™^ £ « **™.l a op^d. fldd U 

5 <™*«™J *> jetting heed 400. The sump SW^poS,' I^^Zff.^"^ r "°«« «■* 
redreuMng pump 880 which returns me fluid to me tiSTaisVS-^ to the Wet side of me 
contents of the reservoir 200 ind is available for recirculation, fluid u <"»d wtm the 

When operating in me continuous mode, ram* oun mtn^ m. * 

me jetting head 400. the printing may be momanarily n^J?J*TZ*" ^ °' pnm *»« * 
.0 me valve 870. The dosing of the normally dosed chanrTnoM Z r^Ti nCmi * lly dOS * 3 c ^ 81 of 
*O0 and anew, the jattng haad 400 to vam to ^ZJTITLT wl^l 10 * 9 **"0 ^ 
transducer 434 is una,* to 8X p,l rurthar droptot, 2, ThaTS U " 3 4UDBly 

requires a longar time interval man the time between drop'let ZT' ' 1 by *" P ,ott " 800 

normally closed chann.l of ma vaJv, 970. The plotter 8fXmav£n^« «*"0uter 700 may dos, tha 
'« Urget 1 as desired. . aw may men posrson me arget 1 or portion • r*w 

Whan printing, the active mgradiant of the reagent is tailored to - 
are. on me arg.t 1. However, to a certain .xtemthe ««j eo^bSTI! ^ »"«"«ion par unrt 
varying tha density of the droplet, 2 primed on the target l^^^ltL^ * «* 
auitad to this application due to Its ability to prim p^cUa a,™ S^lTT™"* " psrtcu ^ 
» A second preferred embodiment of tha jeZ nldTSSlS 

represent a. 400-. The janing h„d 40C corn^^ J?* 6 « b «* « O-r-aUy 

The housing .action 403> compris.a a racasaed region *mTt. H^"* *° r ' *»• 

me housing section 4C3- is positioned again,, tJS^^^' * *» 
The jetting head 400/ further comprises a piMo-eiean'c tfansducer aaa- .~< . 
« similar to mose of the first embodiment Tha jetting haad Wort mtSng **• ^ 

shown in Rg. 6b. The Mrting tuba 432- defines 7 orifice 4» 7 IT.^" 0 "' M most 
aperture 43V at the other end. The transducer 434' is mounted ■» * rM ° 9W " ui<3 meaning 

the mic-r.gion of the tube 432" wim .poxy * * * e ^ **» ** Z concentrically about 

The transducer 434' and the jetting tube 432" are positioned in eh«**i. „-*v .... 
» housing aaetion. 40?. 40 V. Tha chlnnal 4iff ce^^TJun^^ ^ ^ ^ « <he 

engage and seal against me fluid receiving and 43V of ma m^ol ^r ^J^, 41? to 
to me reagent fluid supply channel 43f/. The supply <^£Tc^Z £T'„"? " 
by mean, of an aparture 43V mrough me ho u »ng saction 40?. shownT^S f9M,VOir ^ 

The reservoir 200* comprise, a flexible reservoir fMino 20v . 
« rming 20V comprises one aperture which i, connect* t^the hZTtS TT" **■ T>9 

me Uning 20 f. A vent (not shown,, iocated in m. hojaj 4S So^ml^ ^L*" " W fr0m 
^d m. fining 20f to be vamad or pressuruad. A fitn/w 'is^^J^**™ *" ' Mr ^ XXr 
unwanted particutata foreign manor. Posroonod within ma aperture 207 to trap 

SLStaXS ""^""J"™™ «** - - conact , 



40 8/8 ««««^ through raspectiv «.nur„ 41 9" of m. ^ p,ns 42? - The pins 42? 

me hou»ng action 40T. Two thin e-ctnclly co^^^T^^ of 
eonnaet the Wn^vx^ 434- with the conact pin, 42^7 Jll'^T F ' 9 " 6b ' M u «" «° 

position 403- to partially isolate the protruding portions of It* coniaej eun« #JrtB/ w from m« housing 

TT»« function and opinion of tno i«mno hoad AQCr •« * ' 
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i.n,ng tub, 43* to be primed by pressuring Z^T^^™'* ^J'"™" «» «ow, ^ 

rne jetting heed 400" provides an advanage at that me ana™ iv 
housmg. Such conarnment altow, for fast ^ rt^wJ^L^ L " « 
contamination problems. replacemant of the jetttng heads without 

A third preferred embodiment of the jetting head is shown in r« t ,^ 
The jetting n„d 400- compnsa, a hous,ng *QT , Zl ^1 7 „* nd , 89n9rl "y '^«mad as w. 
transducer 434' ^ „ on«ce pl.t. 404-. Tha hc^no 40^n.?f " f ^ ^ 1 P'e^'Wric 
An orifice put. 404'. defining an orifice 433'. *T* 
locate « or mw me ape, 0 « me coma, fluid eruuntTo? 9 ^ ,uch m « <*• orifice 43T is 

The fluid feed tube 406* is attaened to tne housing 403- ^ dK r mm . , 
channe. 430- i, in fluid communion w* ,n, llu.d^mb^t ^ Th9 
The base of me fluid chamber 432" i, formed by m. discta£ ZZZ tL^V 



fluid 
« 400-. 
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held In position by a hold down plate 402* attached to The rwu-nng 403*. The eiectrical jonnec tions to the 
transducer 434' en of conventional design and are therefore not ihown. The housing 403" further 
comprise* a threaded aperture 406* tor mounting the letting head 40C. 

The Jetting head 400* operates in a manner simitar to the Jetting heads described above. However, in 
this letting head the transducer 434* la normally disk shaped. When me electrical pulse is applied, the 
transducer 434* bends slightly, thereby altering the volume of the conicaJry shaped jetting chamber 432*. 
The change m volume of the chamber 432* causes the expulsion ol fluid through the orifice 433' and me 
intake ol fluid through the supply- channel 43(T as described in reference to the jetting head 400. 

A fourth preferred embodiment of the jetting head is shown in Rg. 8 and is generally represented as 
io 400" . The jetting head 400* Is very similar in form and function to the jetting head 400 and will not be 
described in detail. The jetting head 400* comprises two symmetrical housing sections. The sections may 
be connected together by means of apertures 40r and screws, not shown. When assembled, the housing 
sections 404'. 4GT form a T-shaped supply channel 410* . 

In operation, the jetting head 40CT functions in a manner similar to the jetung head 400. The jetting 
is head 400" Is especially suited for use In the continuous mode, but may also be used in the drop on 
demand mode. In the continuous mode, the fluid is circulated continuously through the suppry channel 430- 
aJlowing the jetting tube 432* to withdraw as much fluid as required. 

By way of illustrating and with no limitations intended the following information is given to further 
illustrate the above described embodiments. The computer TOO is an IBM Corporation Personal Computer 

20 with 640 kbytes of RAM memory. The interface unit 600 is a Burr Brown interface unit model number PC 
20O01 The plotter 800 is manufactured by Houston Instrument as model number DMP-40. Communication 
between the plotter 800 and the interlace unit 600 is performed through a standard asynchronous serial 
communication port 

The electrical pulse applied to the Jetting head 400 to activate the transducer 434 compnses a nsa time 

21 of approximately 5 usees, a fall time of approximately 5 usees and a pulse width of approximaiely 35 usees. 
When the transducer 434 Is operated in the drop on demand mode, the voltage potential of the pulse is 60 
volts plus or minus 10 volts and the pulse frequency can be up to 4 kro. When the transducer 434 is 
operated In the continuous mode, the voltage potential of the pulse is 30 volts plus or minus 10 volts and 
the pulse frequency can be up to 10 kru. 

so The Jetting tube 432 is manufactured from a pyrex glass tube and measures .027 inches outside 
diameter and .020 inches inside diameter. The tube is drawn to a closed taper in an electric furnace. The 
tapered end is then cut and ground to a desired orifice opening of .002 to .004 inches in diameter. The tube 
is cut to a final length of 345 inches in the case of the dispenser embodiment and uftrasonically cleaned in 
acetone. After being cleaned and dried the large end of the tube is fire polished. If desired, the onf.ee end 

*s of the tube may receive a coating, such as a hydrophobic polymer, to enhance droplet separation from the 
tube. 

The suppry tube 430 is formed from .023 inch inside diameter and J8 inch outside diameter 
polyethylene tubing produced by Intramedic Corp. as model number #14 170 11B. During assembly, one 
end of the tubing is stretched over a warm tapered rnandreL The stretched end of The supply tube 430 is 

40 then inserted over the large Are polished end of the jetting tube 432. The assembly is men cleaned and 
baked in a circulating air oven at 50*C. for 10 minutes. 

The transducer 434 was purchased from Vernrtron of Cleveland. Ohio as model number P2T-5H. The 
electrodes 437, 438 are compnsed of nickel and are separated from eacn other on the outer surface of the 
transducer by approximately .030 inches. The jetting tube 432 ts inserted into the cylindncai piezc~electnc 

41 {jjoe 434 and secured with epoxy manufactured by Epcory Technology of Beitenca. Massachusetts as model 
number 301. The epoxy is apotied at the junction of the tube 432 and transducer 434 with a synnge. The 
epoxy flows along the tube 432 inside the transducer 434 by capillary action. The assembly is then baked 
In a circulating air oven at 65*C. for one hour to cure the epoxy. 

The contact pins 422 are secured to one of the housing sections 402. 404 with a drop of eooxy. The 
so transducer Jetting tube 434. 432 is placed in The housing such that the orifice end 433 of the tube 432 
protrudes approximately .030 inches from the housing 403. 404. A drop of silver eooxy is placed between 
each contact pin 422 and the transducer 434 to ensure a secure electrical connection. Epoxy is also applied 
to the Junction of the housing 402. 404 and suppry tube 430. The other section of the housing 402. 404 is 
then screwed into place. 

ss The periphery of the housing 402. 404 is sealed with a capillary sealer such as cyclohexanone. Epoxy 
is then added around each contact pin 422 and around the orifice end 433. The assembly is then baked in 
a circulating air oven at 65 *C. for one hour. 

The fitter 300 is formed from a polyester mesh with 30 urn pores and positioned in a polypropylene 
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housing. The air pnwum suppfied to the reservoir 20C Juring xntinuous parting operations is regulated at 

appro»mat»»y 10 to 30 psi. 

The reagents used have the following characteristics: 

Printing (drop on demand mode): 
s Fluid viscosity range: 1 * 30 centipoises 

Fluid surface tension: 20 • 70 dyne/cm 

Priming (continuous mode): 

Fluid viscosity range: up to 50 centipoises 

Fluid surface tension: not measured 
io Dispensing (drop on demand mode):. 

Fluid viscosity range: 2 • 30 centipoises 

Fluid surface tension: 20 - 70 dyne/cm 

A measure of the performance and selected operating characteristics lor a typical jetting head are 

presented in Figs. 9-11. Fig. 9 is a graph of the mass of a droplet as i funcaon of droplet emission 
is frequency for three fluids. The viscosity of the fluids were 1. S and 24 centipoise and the transducer 

excitation pulse width was 35 microseconds. As shown in fig, 9, the higher fluid viscosity results in a more 

stable operating performance of the jetting head. Fig. 10 is a graph of droplet velocity as a function of 

droplet emission frequency for fluid viscosities of 1. 5 and 24 centipoise. The log of the total fluid weight as 

a function of the tog of the number of droplets emitted is shown in Rg. u. The fluid used has a viscosity of 
20 2 centipoise. a surface tension of 20 dynes/cm, and a density of .8 grams/cc The transducer excitation 

pulse wis 60 vorts and the excitation frequency was approximately 71 1 Hz. 

Some blood typing reagents and some allergen reagents have very low viscosities and surface 

tensions. Although In some caws viscosity modifiers, such as glycerol, dextran. glucose, and the like, may 

be added to increase the viscosity, a few reagents are adversely affected by such modifiers, 
as Developing stable and reproduceable demand mode jetting is difficult with very low viscosities. 

Although droplet emission can be established at some fundamental frequencies, the droplets dispensed 

may have small satelite droplets which reduce the accuracy for metering and dispensing applications. 

However, even with the satelite drops, sufficient reagent is adequately delivered for most print applications 

without a substantial decrease in print quality. 
» Glycerin may be used as a viscosity modifier to improve Jetting reliability and to prevent obstruction of 

the orifice arising from evaporation of the reagent fluid components. Glycerin has been found especially 

beneficial for those reagents containing particulate material. The evaporation of the fluid component results 
, in a concentration of glycarin located at the orifice. The plug of glycerin substantially prevents further 

evaporation of the reagent fluid. During the next activation cycle of the transducer, the plug of glycerin is 
39 expelled from the orifice. 

When operating In the dispensing mode the volume of the droplets can be varied to substantially 

uniformly contain from 100 pice-liters to 1 micro-liter. The droplets can be produced at a rate of 

approximately 1 kha to 8 khz. When operating m the printing mode the size of the pel made by eacn 

droplet measures approximately .001 -.01 2 inches in diameter. 
*o A copy of the program used in the compute/ 700 for i printing operation is attached hereto as Aopendix 

A. The values, manufacturer and manutactunng part number of the circuit components of the jetting control 

unit 500 are substantially as follows: 
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TO 



IS 



so 



45 



50 



Ref. Humeral 
of Component 

R39, 45-48,57, 

58 
R66 
R3 
R34 
R50 

R13, 23,36, 40, 

41 
R55 

R8 
Ro 

R7, 12,25 

RS7 

R51,53 

R29 

R61 

R15-18. 26-28, 

54,55,64 
R62 

R30,33 

R21 

R19 

R35 

R43 

R60 

R37 

RS 

Rll 

U2, 11, 14, 16,22 

C21,41,45 

C24 

CIO 

C'l,2,3,55,60 

C53 

C36 



Description 
and Value 



RES . lOKOEMiyWArrS^C . F . 
RES . 150OHHJsWACTS:;C . F . 
RZS . 1 5 KOEMJsWATTS ?,C . F . 
RZS . loKOHK^WATTS'.'C . : . 

res . 2 . 4KOHMJsWArr: v-: . ? . 

RZS . 2 . 4K0HMJsWATT5\:: . F . 
RES . 20KOa!JsWATT5r,C . F . 

RZS . 2 2 0OK%WArT5 \Z.z. 

rzs . 27oh:-:iv/atts!;c . z . 

RZS - 2K0K-:ijWArrS%C . F . 

rzs 3 . 6KOEHS!v:Ar:5;;r . r . 

RZS . 3 . 9K0HMljWATT£^C . ? . 
RES . 300KOHMJ;WATT5?;C . F. 

rzs . 3 OKcsnjHArrir;-: . r . 

RZS . 4 . 7KOHrSiWATT5!;C . F . 
RZS . 45 .3KOH!^WA~l\-:< . F , 
RZS . 470EKijWATT5;;C . F . 
RZS . 470OH^WATT5%C . F . 
RES . 47KOK:-fc J WATT5?;C . F . 
RZS . 5 10OKM3*WATT5\C . F . 
RZS . 5 . 2KCH%WA7r5\C . F . 
RZS . 7 . 5KO:-u-:VWATr5%'C . F . 
RZS . 75KOH>!ijV;Arr5^C . F . 
RZS . 7 SKOHrfcWAITlSK . F . 
RZS . 8200EMJjWArrS« t 'C . r , 
RZS. DIP NSTWRK.47K0HM 
CAP . AXIALIMZ@25QVDC 
CAS . AX I AL2 2 OHF£2 5 0 VDC 

CAP. AXIAL ALUM ELEC. 

4700 OMr«25VDC 
CAP . RADIAL DIPPED' TACT. 

10MF@25VDC 
CAP. RADIAL DIPPED TANT. 

1MFS35VDC 
CAP • RADIAL DIPPED TAKT. 

47KT910VDC 



Manufacturer 
and Part No. 



DALE RL079242C 



DALE RL079303C 



DALE RN55D4532F 



DALE RNS0D75c2F 

CT9 761-1R47K 
MALLORY STCS5 
MALLORY 

LP2219250C7P3 
MALLORY 

TCG472*JC25M:c 
KEMET 

. T250E106M02SAS 
KSMST 

T35OA105KC35AS 
KZMET 

T350H566KC10AS 
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Ref. Nuneral 


Description 


Manuf ac turi* 


s of Component 


and Value 


and Part No 


C54 


CAP . RAD I AX, SILV MICA 


XAHGAN 




100PF300VDC 




C57 


CAP RADIAL SILV MICA 


KAHGAN 


I V 


20PF700TOC 






W/V • fWALJ 1 At 9 1 w V . PI* 






« * . * J WW » 1VW 






CAP RADIAL X7R M p C 


KEMPT 




.015MT<?5OVDC 


C315C102K1RSCA 


is C6 


CAP. RADIAL X7R MLC 


KEMET 




. 022MFS50VDC 


C315C223K5R5CA 


C30, 35,37 


CAP. RADIAL 25U MLC 


KEMET 


.015MFi?S0VDC 


C315C153K5RSCA 


C4,7 


CAP . RADIAL 25U MLC 


KEMET 


30 


.01MW0VDC 


C315C103KSR5CA 


C4,S, 6,9, 11-19, 


CAP . RADIAL 25U KLC 


KEMET 


22,23,25-28 


.22MF<?50VDC 


C322C224M5U5CA 


C31-34,37,42,43 







47, 48,30-52 



C46 


CAP . VARI . 2-12PF, 


J0HANSEN #9625 


CR7,8.9,10, 


DIODE SIL. 


ITT. FAIRCHLD. 1N4143 


11,12,17 






CR1,2,3,4 


DIODE SIL. FAST 


GENL.INST.EGP10D 


CR5 


DIODE SIL.FASTHIVCLT 


CENL. INST.UF4007 


CR6,13,15 


DIODE SIL.REF.2.5C0VDC 


NATL.SEMI-LM3852-2.5 


CR14, 16 


DIODE S:L.ZENER3.37.25WATT 


MOTOROLA 1N4622A 


U6, 13. 15,17 


SWITCH 8 POSITION DIP 


CTS 206-8 


22,9,12 


IRAN ST OR . COMMON M?N 


MOTOROLA 2M2222A 


Q8,10,ll 


TRANSTOR. COMMON ?N? 


MOTOROLA 2N2907A 


Q4 


TRANSTOR . HI VOLTHI FREQ . M?N 


MOTOROLA MPSU10 


27 


TRANSTOR . HI VOLTHI FRE2 . PUP 


MOTOROLA MPSU60 


CI 


TRANSTOR . HI VOLTHI I MPN 


TI,MOTOROLATI?48 


23,14 


TRANSTOR. HIVOLTMPN2N3439 


MOTOROU 2N3439 


213 


TRANSTOR. HIVOLTPNP 


MOTOROLA MJE5731 


US, 27 


IC 1-SHOT 74HC221 


NATL. SEMI MM74HC22IN 


U23,26 


IC 1-SHOT 74LS221 


NATL. SEMI DM741S221N 


U7-10 


IC COMPARATOR 74HC683 


NATL. SEMI MM74HC688N 


U30 


IC CONVERTER DAC080O 


NATL. SEMI DAC0800LCN 


U24,25 


IC COUNTER 74HC1S3 


NATL. SEMI -MM743C193N 


U23 


IC HI SLEW HI VOLT OP AMP 


BURS-BROWN 3534JM 


Ul 


IC HYBRID DC/DC CONVERTER 


BURR- BROWN MODEL 724 


U4 


IC OC DRIVER SN7406 


NATL. SEMI DM7406N 


U3 


IC OCTAL LATCH 74HC374 


NATL. MM74HC374N 


U12,29,31,32 


IC OP AW? LF256 


NATL. SEMI LF256H 


U18, 19,20,21 


IC OPTO ISOLATOR 


HEWLTT-PCKRD HCPL2300 


R24,42,63 


POT 1 OOKOKMJjWATTl 0% 


BOURNS 3622-1-104 


R38,49,S2 


POTlOKOKMfeWATTlOS 


BOURNS 3622W-1-103 


R20 


?OT25KOHMJjWATT10% 


BOURNS 3622W-1-2S3 


R14,31 


?OT2KOHMJ*WAmO% 


BOURNS 3622W-1-202 



15 



TO 



25 



30 



Re£. Numeral 
of Co mponent 

VRI 

RIO 

R2,4 

R32 

R44 

Rl 

R5,R22 
R65 
RS9 
R100 

R101.10B 
R1G2.1C3 

106,109,110 
R104 
R1C5 
R107 

Rill, 113 
R112 

R114,11S 
C100 
C108 
D100 

Q100,105 
Q101,102 
Q103 , 104 
U100,U108 
U103,104 

105,106 
U108 



Description 
and Value 

REGULATOR 5VDC 
RES . IMEOOHrByWATTSjJC F. 
RES . 1 . 2KOErBjWATT5*;C . F. 
RES . 1 . 6K0HrDsWATT5%C . F . 
RES . 1 . BKOEWMTSSC . F . 
RES . lOI-EGOm^jWATTSSC . F 
RES . 1003ft WATTS . F . 
RES . lOOKOHlftWATTS^C . F. 
RES . lOKOHHJjWAmjJM. F. 
RES.2700HM 
RES.4700EM 
RES . 1K0HM 

R25.470COHH 

PCT.100KOEH 

POT.10K0HH 

RES.2200EH 

RZS.22GHM 

RES. 47 OS*! 

CA?.10K?035 '/PC 

CAP.10C00 PF 

DIODE 

TRANSTOR 

TRANS TOR 

TRAVIS TOR 

IC I-SHOT 

IC INVZRTOR 

IC LINE DECODER 



■ Hanuiaecurer 
and Part No. 

NATL. LM340T- 5.0 



DALE RMS5D10O2F 



1N4148 

2N2222 

2N3906 

2M3S04 

74LS123 

74LS04 

74LS138 



Of eourw.it should ba understood that a wide range of changes and modifications can be made to *. 
preferred embedments described above. For example, the transducer could be of a tyoTome, Tv 1 2 
electnc such as magneto-strict-ve. electro-strictive. and elearo-mechanjeal li is th*r*7n« !? ' . ° 
foregoing detai.ed description be regarded as iHus^ve rather S ^ 
.1 is me fo.lc^g claims, .nducmg .„ equivalents, which are tended to define the ££. of ^™1T 
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» Claims 



1. A dispensing system for use in diagnostic instruments for precise metering of a desired diagnostic 
fluid, the system comprising: 

a jetting chamber defining a volume and comprising a first and second aperture, the first aperture adapted 
to receive diagnostic fluid, me second aperture defining an orifice: 

a transducer in mechanical communication with the jetting chamber, the transducer operative to alternately 
expand and de-expand the volume of tne jetting chamber in response to a selected electneal pulse and 
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thereby causa the jetting chamber to omrt i substantia^ uniform.y sized Jiopiet of diaj.-ostiw Hud through 
the orifice; and 

means for generating t number of electrical pulse* sufficient to cause • desired Quantity of the diagnostic 
fluid to be dispensed. 

s 2. The Invention of Claim t wherein the system further comprises: 

at least one additional jelling chamber rn fluid communication with an additional diagnostic fluid: 

at least one additional transducer in mechanicaJ communication with the additional jetting chamber 

at least one additional means tor apprying an electrical puLse to the additional transducer 

means for generating respective numbers of electrical pulses sufficient to causa precise quantities of the 

io diagnostic fluids to be dispensed in -a desired volumetric ratio; and 
a receptacle adapted for and positioned to receive the fluids. 

3. The invention of Claim 1 wherein the system further comprises: 

means for directing at least one of (t) the receptacle and (2) the emrtted diagnostic fluid and the emrned 
addi-tional diagnostic fluid such that desired quantities of the fluids a/e dispensed into the receptacle in a 
is predefined dispensing order. 

4. The Invention of Claim 1 wherein one of the diagnostic fluids comprises serum and wherein me 
jetting chambers cooperate such that the other diagnostic fluid is emitted an a manner to contact and mix 
with the serum. 

5. The invention of CJaim 1 wherein the jetting chamber comprises a cyrmdrical tube and wherein the 
20 trans-ducer is mounted concentrically about the cylindrical tube. 

6. The Invention of Claim 1 wherein the jetting chamber is conicaily shaped. 

7. The invention of Oaim 1 wherein the jetting chamber comprises at least one chamber wall which is 
integrally formed with the transducer. 

8. The invention of Claim 1 wherein the transducer is one of (1) a piezo-electric transducer, (2) a 
2$ magneto- strictive transducer (3) an electrc-strictive transducer: and (4) an electro-mechanical transducer. 

9. The invention of Oaim 1 wherein the jetting chamber is conicafly shaped; and wherein the transducer 
is disc shaped and forms the base of the conicaily shaped jetting chamber. 

10. The invention of Claim 1 wherein the orifice comprises an end face and the end face is coated with 
a hydrophobic polymer. 

so 11. The invention of Claim 1 wherein the transducer is cylindrical^ shaped and comprises a first 
electrode located on the inner wall of the cylinder and wraps around one end of the cylinder and wherein a 
second electrode is located substantially on the outer wail of the cylinder and is electrically isolated from 
the first electrode. 

12. The invention of Claim 1 wherein the means for generating produces an electrical pulse of selected 
05 rise and fail time constants and of selected duration, voltage and polarity. 

13. The invention of Oaim 1 wherein the means for generating the electrical pulse comprises means for 
scaling the voltage of the pulse in response to a selectable digital value. 

14. The invention of Claim 1 wherein the apparatus further comprises means for directing the emitted 
diagnostic fluid along a desired path. 

40 15. A method of dispensing precise quantities of diagnostic fluids comprising the steps of: 

(a) generating an electrical pulse of predefined characteristics; 

(b) reducing the volume of a chamber containing the diagnostic fluid by electro-mechanical means in 
response to the electrical pulse such that a droplet of fluid of known volume is propelled tnrougn an oniice 
in the chamber, and 

45 (c) repeating steps (a) and fb) until a desired quantity of the diagnostic fluid has been disoenssd 
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